Henderson, M. G.; Reeves, G. D.; Sugiura, M.; and Kamei, T., "Global energetic neutral atom (ENA) measurements and their association with the Dst index" (1997 In addition, the instrument is sensitive to weak ion populations in the polar cap, as well as cosmic rays. We have devised a method for removing the effects of cosmic rays and weak ion fluxes, in order to produce an image of "pure" ENA counts. We then devised a method of normalizing the ENA measurements to remove the orbital bias effect. The normalized data were then used to produce the GENI. We show, both experimentally and theoretically the approximate proportionality between the GENI and the Dst index. In addition we discuss possible implications of this relation. Owing to the high sensitivity of IPS to ENAs, we can use these data to explore the ENA/Dst relationship not only during all phases of moderate geomagnetic storms, but also during quiescent ring current periods.
Introduction
neutrals generated by the charge exchange of ring current particles with the tenuous hydrogen geocorona. The first association of ENA flux with ring current activity was made by Rodof et al. [1985] . They analyzed ENA measurements from IMP 7/8 and ISEE 1, and demonstrated, using hourly averages, a rough correspondence between ENA count rate and the rate of ring current recovery as measured by the Dst index.
Recently, Lui et al [1996] have reported on the first direct composition measurements of ENAs. They reported data from a single GEOTAIL pass around the day side of the earth, in which the ring current ENA flux was observed continuously for about 12 hours. Results from the Swedish ASTRID/PIPPI ENA imager were reported by Barabash et al. [1997] , and C:son Brandt et al. [1997] .
We demonstrate further th• value of ENA measurements using data from the Imaging Proton Spectrometer (IPS), part of the Comprehensive Energetic Particle and Pitch Angle Distribution (CEPPAD) experiment [Blake et al., 1995] on the POLAR satellite. The first ENA images from IPS have previously been reported by Henderson et al. [1997] . In apparent contrast to previous reports, our observations suggest a relationship between ENA production and the Dst index, rather than the time derivative of the Dst index, although we suggest that this difference is not a contradiction, but rather reflects two different complimentary approaches to the same problem. From the full resolution 6 second data, 20 minute averages are produced at 10 minute intervals. In regions where there are no (or only very few) energetic ions, the signal observed by the IPS has two components: the ENA flux from the magnetosphere; and an isotropic cosmic ray/weak ion background. The IPS is also sensitive to light, and consequently some pixels are contaminated by earthlight or sunlight. The first step in the reduction is to identify these pixels, and exclude them from our analysis. The next step in the reduction is to subtract out the background due to cosmic rays and weak fluxes of energetic ions. A very simple method which has proved adequate in most cases is to assume that the background is isotropic. This is a very good assumption for cosmic rays, and even works well for subtracting out occasional weak Polar Energetic Particle (PEP) [Spence, et al., 1997a] signatures.
Energetic
Then the background can be computed as the average count rate in the pixels that look away from the Solar Magnetospheric (SM) equatorial (XY) plane. When POLAR is at large distances from the earth, presumably all ENAs are emitted relatively near to the XY SM plane, and therefore pixels that look away from the XY SM plane observe only the background. This computed background is then subtracted from each of the pixels looking towards the XY SM plane. The result of these computations leaves us with a data set of "pure" ENA counts measured by the pixels looking towards the XY SM plane. Since a typical ENA count rate in a pixel is 2-10 cts/sec (during storms) or greater, and a typical background count rate is 0.8 cts/sec, the 20 minute data set has typical counting uncertainties of 2-10%.
Next we introduce the measure that we call the Global Energetic Neutral Index (GENI). GEN! is the total ENA count rate (summed over all pixels looking onto the XY SM plane) that would have been measured by the IPS instrument if it were situated at a standard reference point at 9 Re along the northern magnetic pole. In general the measured ENA count rate will depend on the relative location of the ENA source region (the ring current) and the satellite. The standard location is therefore introduced in an attempt to create a measure free of orbit biases. But in order to calculate GENI, we must have some method for transforming count rates from an arbitrary location in the magnetosphere to count rates at the standard location. To do so, we assume that ENAs measured in each pixel are emitted isotropically from a point source located at the projection of the center of the pixel's look direction on the XY SM plane. The count rate from that point source can be calculated at any point, by multiplying it with the ratio of distances squared between the point source, and the standard location, and the point source and the actual location of the satellite. Figure i illustrates this process graphically, and mathematically it is expressed as GENI-ni ir.
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ß where the sum is over all pixels that look onto the XY-SM plane, ni is the ENA count rate in each pixel, F, at is the location of the satellite, Frr I is the location of each point source, and F, td is the location of the standard point. Because most of the ENAs are emitted from the ring current region, we should expect some sort of direct relationship between GENI and Dst. Indeed we find that the GENI tracks the provisional Dst index produced by the World Data Center C2 in Kyoto, remarkably well, as shown in Figure 2 . The fact that the absolute magnitudes of the GENI and Dst index are nearly identical is purely a coincidence. It is important to note in figure 2 that GENI tracks Dst not only during the recovery phase of moderate storms (January 10 and onwards) but also during storm main phase (February 9) and during prolonged quiet periods (Early February).
Discussion
There are several assumptions that we have made in producing the GENI. First, we assume that all ENA production takes place in the XY SM plane at a point which is the center of the projection of the corresponding pixel in IPS. This is obviously not true, since ENAs are produced wherever there are both neutrals and energetic ions -a region that extends quite far out of the XY plane. However when POLAR is at a sufficiently high altitude (for example Z-SM > 3 Re) this is probably a reasonable zeroth-order assumption. The other assumption we make is that from every point where ENAs are produced, they are emitted isotropically. This is obviously not true either, since the charge-exchange process that produces ENAs preserves pitch-angle information, and thus the ENA flux observed along a line of sight from a given location depends not only on the production rate at that location, but also on the angular anisotropy at that location (a combination of the pitchangle distribution and orientation of the field line). The reason that the assumption of isotropy is probably more reasonable than stated above is that each pixel of IPS is integrating over a large volume of space with a great variety of anisotropies, and field orientations in most cases, and therefore tends to diminish the importance of any local anisotropies. 
where E0 and •0 are a "characteristic" energy and radius vector for the ring current respectively. Assuming that AB is a good approximation for Dst, we can eliminate N from (4) and (2) We have shown that it is possible to reproduce the Dst index accurately from a particle based measurement, dominated by inner magnetosphere contributions. This allows for the possibility of settling the controversy of the relative contributions of the ring current and the magnetotail current to the Dst index. Initial analyses indicate that the tail contribution may not be significant.
Lastly, it should be noted that even given that the assumptions stated earlier are valid, GENI is not a perfect measure of the total ENA production rate. Rather, the GENI represents a family of indices, of which we have here explored only what may be called the GENI9.ar. A more true measure of global ENA production would be GENIe, which gives equal weight to all parts of the magnetosphere, rather than weighting higher the near earth regions as does GENI9.ar.
Conclusion
We have created a Global Energetic Neutral Index (GENI), which reproduces with surprising accuracy the Dst index. We have shown that this index is an excellent proxy for the Dst index not only during storm recovery, but also during all levels of moderate geomagnetic activity. Smaller variations in the scaling factor between Dst and GENI may be used to explore details of the ring current evolution, such as the radial location of the ring current on a scale smaller than the instrument resolution. This study amply demonstrates the power of ENAs for probing quantitatively details of the global magnetosphere. For example, it appears that the Dst index is dominated by the ring current contribution, as opposed to other current systems.
